Possible nutrient sources and delivery mechanisms for the highly from the other source regions enhance community productivity not only on 12 the southern part of the shelf but also offshore of the shelf break. In partic-13 ular, the subsurface source water in the southeast Pacific boosts the com-14 munity productivity over the larger part of the southwest Atlantic. We ar-
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Estimating the Circulation and Climate of the Ocean (ECCO version 4) [Forget et al., 85 2015a]. The parameter values for the turbulent transport of geostrophic eddies [Gent 86 and McWilliams, 1990] and isopycnal diffusion [Redi , 1982] 
96
The adjoint model integrates the sensitivity of a cost function J to model parameters 97 backward in time. If the sensitivity of a quantity J(x t ) to x t−1 , where t and (t − 1)
98
are time indices, is of interest, one can first rewrite J(x t ) using a model M such that 99 J(x t ) = J(M(x t−1 )). It follows that the sensitivity ∂J(x t )/∂x t−1 can be obtained by 100 calculating the difference in J for a given perturbation δx t−1 . Alternatively, the sensitivity 101 can be computed using the chain rule thus:
where M t−1,t is a tangent linear model that integrates x from (t − 1) to t in a linear the Arctic Ocean [Fukumori et al., 2015] .
111
In this study, J is defined as the total amount of passive tracer at the surface over 112 the Patagonian shelf during the last two weeks of the year when the shelf is biologically 113 productive.
where T is December 31 st , ∆t is 2 weeks, A is the size of the area of interest, C is the surface 115 passive tracer concentration which is set to 1 in this study, and ∆z is the thickness of the 116 model's surface layer. The adjoint sensitivity thus tells us something about the source 117 waters to that region. The adjoint model is integrated for one year backward in time to 118 find the source waters of the Patagonian shelf.
119
Using adjoint sensitivity experiments, we can quantify the contribution of source waters 120 to the area of interest. The changes in J, or δJ, due to a perturbation δx to the state
at an earlier time can be written as
When δx 1 = δx 2 = · · · = δx N = 1 in (3), δJ is the sum of all the sensitivities, Σ N i=1 ∂J/∂x i .
123
Hence the relative contribution of x i to δJ, r i , is simply the ratio between ∂J/∂x i and
We further verify the result from the adjoint experiment with a series of forward inte- the nutrient delivery and the winter preconditioning of biological activity. 
Results
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Although community productivity cannot directly be compared to chlorophyll concen- water to the north of the ACC is implicated.
172
The contributions of Regions I, II and III to the total passive tracer concentration nearly depleted, but increases with depth. Hence, deep water source in Region III can be 188 also be a potent source of Fe. I lead to the smallest increase in the community productivity 7 month later. This is 211 because the additional Fe in Region I does not contribute the productivity enhancement 212 but perturbation of both nutrients in Regions II and III will enhance productivity.
213 Figure 6 , the time series of the community productivity change (δBIO in Figure 5 (c)),
214
clearly shows the different effects of nutrient perturbations in the water source regions.
215
The NO 3 perturbation in Region I has an immediate impact on the community productiv-216 ity because NO 3 is the limiting nutrient on the shelf (Figure 6(a) ). The NO 3 perturbation 217 is introduced once on June 1 st , and it is big enough to sustain the enhanced productivity 218 for 7 months. In contrast, the NO 3 perturbations in Regions II and III slowly increase the 219 community productivity until December 1 st . In December, the community productivity 220 experiences the decreasing trend regardless of the perturbed region, suggesting that the 221 consumption of NO 3 is faster than the supply of additional NO 3 on the shelf.
222
The Fe perturbations in Region I has almost no impact on the community productivity The perturbations in both nutrients together result in the biggest impact on the com- The largest water source for the Patagonian shelf is Region III, the subsurface southeast
238
Pacific ocean (Figure 4(a) ). These source waters arrive from a depth of 500 m or so along 
Spatial patterns in the response of community productivity
The forward perturbation simulations are helpful to better understand the biogeochem- in community productivity at the Patagonian shelf where NO 3 is the limiting nutrient
275
( Figure 8(a-c) ). In particular, NO 3 perturbations in Region I lead to higher levels of com-276 munity productivity over the northern part of the shelf (Figure 8(a) ). In contrast, NO 3 277 perturbations in Regions II and III enhance the community productivity on the southern 278 margin of the shelf. Additionally, enhanced NO 3 input in Regions II and III shrinks the 279 NO 3 limited region in the southern part of shelf (Figure 8(b,c) ).
280
The additional Fe introduced in Region I has almost no effect on community productiv- 
292
The additional NO 3 and Fe together in Region I increase the community productivity 293 only over the northern part of the shelf (Figure 8(g) ), similar to the NO 3 perturbation case.
294
The extra NO 3 and Fe from Regions II and III enhance productivity both over the shelf 295 and offshore of the shelf break. The enhanced community productivity at the upstream of 
Conclusion
We have explored how the ocean supplies nutrients to the Patagonian shelf, one of the formulation. biomass from the satellite, and key parameters are shown in Table 1 . 
where F F e,0 is the minimum value of the Fe flux from the sediment and β is the ratio of 348 sediment iron to sinking organic matter. These values are shown in Table 1 . 
